The term superfood refers to food with high levels of either nutrient or bioactive phytochemicals with human health benefits. Phytochemicals are naturally occurring compounds in plants that provide their color, flavor and odor. Phenolic compounds form the major constituents of phytochemicals. Plant traits in phytochemical production are tightly bound with the genome while modified markedly by the environmental conditions. Here, we studied the effect of supplemented blue light on the production of several phenolics in the leaves of tomato, basil and parsley, which are widely cultivated food plant species. The results indicated doubled or higher increases in the accumulation of several species-specific phenolic acids or flavonoids. In conclusion, we showed for the first time, that supplemented blue light results in high yield improvement of phytochemicals related to superfood products.
Plant productivity is not only dependent on irradiance (i.e. light saturation for photosynthesis), but also on light quality, which refers to the spectral composition of light. Both blue (around 440 nm) and red (around 635 nm) wavelengths are required for photosynthesis due to absorption peaks of chlorophyll molecules responsible for this primary production process. Light quality is also important because of the light-mediated development of phenotype architecture (photomorphogenesis) [1, 2] . The red to far red ratio (R/FR, 660/730 nm) determines many photomorphogenic and flowering-related responses mediated by phytochrome [3, 4] . Blue light has been shown to reduce growth intensity in trees [5] [6] [7] [8] and to inhibit flowering in Cyclamen and Chrysanthemum species [9, 10] . In addition, light quality may affect plant productivity, if there is a carbon trade-off between growth and phytochemical accumulation [11] [12] [13] .
The blue light receptor was observed to be involved in flavonoid synthesis in parsley cell cultures [14] . It is associated with signaling through chalcone-synthase genes [15] . Cultured tomato cells did also benefit from exposure to blue light and induced higher accumulation of carotenoid [16] . The nutritional value (i.e. anthocyanins and carotene) of lettuce also improved under supplemental blue light [17] although more detailed information on the bioactive phenolics (individual compounds) was not obtained. Two recently published papers demonstrate that the removal of other light wavelengths except blue increases the amount of bioactive compounds in Chrysanthemum floricultural species [10, 18] . However, the polyethene filter used also removes 60% of the blue light, giving insufficient light for photosynthesis. So far, no collective documentation has been provided for the effect of supplemental blue light on the promotion of individual bioactive superfood compounds in edible herb species. Here, we report for the first time the phytochemical response of this and its possible applications to three herb species (parsley, tomato, basil).
The supplemental blue light covered the whole blue region (400-500 nm) of the spectrum, almost identical to the curve measured in a dark room from a SB (supplemental blue) LED unit ( Figure 1 ). However, since there was scattered light from HPS (high pressure sodium) lamps, the SB treatment also received some light from the red (around 600 nm) region of the spectrum (Figure 1 ).
Supplemental blue light increased significantly (at least P < 0.05) the concentrations of 11 bioactive compounds in parsley ( Table 1 ). The highest increases (P < 0.001) were found in rhamnetin diglucoside, quercetin diglycoside, and apigenin 7-apiosylglycoside concentrations. The supplemental blue light increased significantly (at least P < 0.05) 5 bioactive compounds in basil (Table 2) , from which chlorogenic acid, chicoric acid, 2-O-feruloyl tartaric acid, and rosmarinic acid were between 2.7 and 7.8 times higher (P < 0.001) than the amounts below HPS. In leaves of tomato (Table 3) , blue light significantly (at least P < 0.05) increased 16 bioactive compounds, from which the most pronounced increment was observed for chlorogenic acid, quercetin diglucoside, myricetin 3glucuronide, hyperin, kaempherol 3-glucoside, and monocoumaroyl quercitrin 2 (P < 0.001).
The light absorption curve in the SB treatment ( Figure 1 ) incorporated the peaks required for photosynthesis both in the blue and red region of the light spectrum. The HPS lamps also provided ideal peaks for photosynthesis, with the main difference between the groups being the inclusion of the whole blue region in SB treatment. Therefore, it can be concluded that the induction of significant amounts of various bioactive compounds under SB treatment is a result of the wide coverage of blue light, since each flavonoid has characteristic absorption peaks, depending on its structure [19] . High irradiance, or "energy overflow", may also enhance flavonoid synthesis [20] . However, the minor difference in PAR (photosynthetically active radiation, 400 -700 nm) between the treatments (see Experimental) cannot explain the significant amplification of flavonoid accumulation, since the PAR levels in the experiment remained far from light saturation, and therefore insufficient for energy overflow. For example, PAR in the present experiment was around 300 mol m 2s -1 , since a daily average of this irradiance for 24 hours will be sufficient for most species of higher plants to grow in growth chambers [21] . However, the light saturation point for photosynthesis may be as high as >2000 mol m 2s -1 in tomato [22] and 1400 mol m 2s -1 in basil [23] , respectively.
Many of the phenolic compounds found in plants have been shown to demonstrate marked antioxidant activity [24] , and some of the specific health benefits of the enhanced bioactive compounds found in this study could be summarized as follows: Chlorogenic acid reduces the uptake of glucose, and thereby obviously decreases the risk of diabetes type 2 [25] . Quercetin is found to be effective in treatment of fibromyalgia because of its potential anti-inflammatory effects [26] . Rhamnetin is a promising alternative to quercetin in cancer chemo-preventative therapies [27] . High myricetin consumption is correlated with lowered rates of prostate cancer [28] . Chicoric acid (= dicaffeoyltartaric acid) has antioxidant, antiinflammatory, antiviral and immunostimulating health effects [29] . Apigenin has been shown to possess remarkable anti-inflammatory, antioxidant and anti-carcinogenic properties [30] . Kaempferol 3glucoside belongs to the group of flavonols that have a wide range of pharmacological activities including antioxidant, antiinflammatory, anti-microbial, anti-cancer, cardio-protective, neuroprotective, anti-diabetic, anti-osteoporotic, estrogenic/antiestrogenic, anxiolytic, analgesic and anti-allergic activities [31] . Rosmarinic acid has antioxidant and anti-inflammatory effects, and protection against UV radiation [32] . Tartaric acid enhances human Fe(II) and Fe(III) uptake [33] . It may be summarized that flavonoids can carry out a wide variety of beneficial functions for human health, and any food with high amounts of these bioactive compounds belongs undoubtedly to the superfoods.
The results detailed above are the first evidence that supplemental blue light significantly induces the accumulation of bioactive compounds in herbal foodstuffs. In addition, this response was species-dependent, i.e. the same environmental signal (blue) stimulated production of different species-specific compounds in the species. The blue light response is a logical phenomenon, since the flavonoids absorb over a wide range, including the blue wavelengths [19, 34] . Interestingly, it has been recently emphasized that the subarctic summer consists of an enrichment of diffuse blue during night hours having no dark period [35] . It is also proposed that bioactive compounds produced by northern plants ("arctic flavors") are the result of the northern light climate together with low temperature [36, 37] , but our lamp experiment proves that accumulation of these compounds may be boosted markedly only by supplementing blue light at normal greenhouse temperatures. The possible mechanism at enzyme level behind the observed blue light response may be related to hydroxylation activity of phenolic precursors. Many studies have shown that blue light increases hydroxylase activity, or relaxes inhibition of hydroxylases [38] [39] [40] [41] .
Application of the novel findings in our research is that "arctic flavors" can be produced at lower latitudes using supplemental blue light. Secondly, ordinary people could benefit by boosting herb quality in their greenhouse or window box, making superfoods accessible to all. Thirdly, any commercial production of biomedicine or health foods benefit directly from net productivity of bioactive compounds, since a 450% increase in productivity -as in the case of apigenin 7-glucoside in parsley -may save the equivalent amount in production costs (i.e. space, energy, plant material, nutrient). Finally, it should be highlighted that LED lamp systems are ecologically sustainable and cost-effective, since they use only 20-30% of the electricity of conventional high pressure sodium lamps.
Experimental

Plant material and experimental arrangement:
The experiment was carried out in the greenhouse of the Botanical Gardens, University of Oulu, northern Finland (65N). The plant material studied consists of parsley (Petroselinum crispum cv. Gigante d'Italia), basil (Ocimum basilicum cv. Napolitanisches Basilikum) and tomato (Solanum lycopersicum cv. Chocolate Cherry). The seeds of basil and tomato were sown on commercial peat substrate (Kekkilä White 420 W) on the 18 th Oct 2011, and the seeds of parsley a week before (on the 10 th Oct) due to its lower germination rate. The germination was carried out at +20±1C with 9 h daily dim light period and RH 80% until 25 th Oct, when the basil and tomato seedlings had emerged, after which they were provided HPS (high pressure sodium; Philips Master Son-t Pia Green Power 400W) lamp light at the intensity of 300 mol m 2s -1 . The individual seedlings were transplanted into 9x9 cm pots (0.75 l ) on 29 th (basil, tomato) and 30 th (parsley) Oct. At this stage, the first tomato leaves had emerged, while only shoot apices between the cotyledons were visible in parsley and basil.
The seedlings were transplanted to these bigger pots 2 weeks before the start of the experiment in mid-November to acclimatize. The growth conditions for the control plants remained as described except for the light conditions. The latitude and the time of the year were both best for the purpose to test the effects of supplemental blue light. Outdoor light conditions were insignificant as the day length was 6 h 40 min with a maximum theoretical solar power of 80 W at noon at the beginning of the experiment. The outdoor light decreased at an exponential rate to 3.5 h in day length with 2 W maximum solar power at the end of the experiment. Fertilization of the plants was started on the 21 st Nov with Kekkilä 14 Starex (N-P-K 16-4-25), provided in the context of daily water (Dosatron DI 16 pump, Farmos Ltd.), where concentration of fertilization was 0.15% (conductivity 1.5 Μs cm -2 ).
The supplemental blue treatment (SB) was designed to boost the blue region of the spectrum by 120 W led to panel lamp units (Led Finland) having the following composition of LEDs: 410 nm (5%), 430 nm (18%), 450 nm (48%) and 460 nm (29%). The experiment was built into a greenhouse room. It consisted of plots alternating so that every second was either a HPS or SB plot, where the total number of plots was four (n= 4) in both treatments. The HPS plots were illuminated by one 400 W HPS lamp set at 1 m height above the pots, and the SB plots were illuminated by led lamp system set at 0.6 m height above the pots. The system was constructed from two led lamp units, which were mounted on the shorter sides of a wooden rack (45 cm x 84 cm). The led units were Blue mood for superfood Natural Product Communications Vol. 8 (6) 2013 793 The experimental design was a true test for the supplemental blue as indicated by the light spectra of the plots (Figure 1.) . The spectra were measured with an Ocean Optics spectroradiometer (USB2000 +RAD). Photosynthetically active radiation (PAR, 400-700 nm) level below the blue led units was designed at 300 mol m 2s -1 , a typical irradiance under greenhouse lamps. The PAR was measured with a Delta OHM Quantum Photo Radiometer Thermometer (Model HD 9021, Padova, Italy), In the middle of their lacuna, the actual PAR was 350 mol m 2s -1 , because of the intersected beams of the SB units, and scattered light from HPS lamps. In control plots, the PAR was slightly lower (around 285 mol m 2s -1 ) because of the avoidance of heat effect produced by the HPS lamps. The minor differences between the PAR levels, nevertheless, are insignificant from the supplemental blue and consequent flavonoid production point of view, as discussed before. There were 2 tomato, 10 basil and 13 parsley plants in each plot. They were placed in 5 rows, 5 plants per each, with 5 cm intervals inside the rows, and with 15 cm interval between rows (i.e. 65 x 105 cm area). Each individual per species per plot was pooled in one bag when harvested at the termination of the experiment. So, one sample represents the average conditions of a given plot, homogenizing thus the PAR received by each plot.
Laboratory measurements:
The experiment was terminated on the 20 th December by cutting the biomass above pot soil, placing it into paper bags and drying. All the above-soil biomass was used for the analysis, except for the tomato, in which only leaves were collected. The milled plant powder (8 to 10 mg) was extracted with 600 L cold methanol for 30 s using a Precellys homogenizer (Bertin technologies, France), and left to stand on an ice bath for 15 min. The samples were then centrifuged at 13 000 rpm for 3 min, and the supernatant separated. The extraction was repeated 4 more times (now the sample was left to stand on an ice bath for 5 min only). The supernatants were combined, and methanol was evaporated under gaseous nitrogen. The dried extracts were dissolved in 300 L methanol and 300 L milli-Q-water. The samples were analysed by high performance liquid chromatography (HPLC, Agilent Technologies 1100/1200). The compounds were quantified at 220 (some phenolics), 270 (most of phenolics) or 320 (flavonoids) nm using commercial or purified standards [42] . The compounds were identified using UHPLC-DAD (Model 1200 Agilent Technologies)-JETSTREAM/QTOFMS (Model 6340 Agilent Technologies) equipped with a 2.1 x 60 mm, 1.7 µm C 18 column (Agilent technologies). Solvent A was 1.5% tetrahydrofuran and 0.25% acetic acid in HPLC quality water and solvent B was 100% methanol. A gradient run was as follows: from 0 to 1.5 min, B 0%, from 1.5 to 3 min, 0 to 15% B, from 3 to 6 min, 10 to 30% B, from 6 to 12 min, 30 to 50% B, from 12 to 20 min, 50 to 100%, and from 20 to 22 min, 100 to 0% B. The flow rate was 0.4 mL/min and the injection volume 0.2 µL. The UHPLC injector and oven temperatures were 22 and 30 o C, respectively. The mass spectra were acquired at positive and negative ion mode depending on the compounds and the mass range was from 100 to 3000 m/z. The temperature of the drying gas and sheath gas was 350 o C, and flow rates 12 L/min and 11 L/min, respectively. The nebulizer pressure was 35 psi, capillary voltage 3500 V, nozzle voltage 1000V, fragmentor voltage 80 V, skimmer voltage 65 V and octopole voltage 750 V. The reference mass m/z 922.0098 was used for accurate mass measurements. Identification details are given in Table 4 .
Statistics:
Statistical comparison between the treatments was performed with the T-test (IBM SPSS Statistics 20 Software).
